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PROBLEM TO BE SOLVED: To provide an inexpensive lithium secondary battery having 
high energy density and high safety without easily causing capacity deterioration even in 
storing the battery in a high-temperature atmosphere. 

SOLUT ION: This lithium secondary battery is provided with a negative electrode 

comprising copper foil and a negative electrode mix layer formed on the copper foil and 

having a density of 1 .4-1 .8 g/cm 3 , a positive electrode comprising aluminum 

foil and a positive electrode mix layer formed on the aluminum foil and having a density of 

3.3-3.7 g/cm 3 , and a nonaqueous electrolyte. The negative electrode mix 

layer comprises graphite and graphatization retarding carbon. The positive electrode mix 

layer is formed of at least one kind selected from among a group comprising an active 

material (a) comprising LiMn 2 0 4 and LiNi0 2 , an active material (b) formed of 

LiMn x Ni Vx 0 2 , an active material (c) comprising LiMn 2 0 4 , LiNi0 2 and LiCo0 2 , and an 

active materia! (d) formed of LiMnyNizCo^. 



COPYRIGHT: {C)2003,JPO 



(mn*mmr up> 02) & gf) # if Wi <a) oi)ttiftBft&m»*t 

#M2003-142075 
(P2003-142075A) 
(43)^gB B ¥fi£l5*f 5 Jf 168 (2003. 5. 16) 

HO 1M 4/02 C 5H0 2 9 

D 5H050 

4/58 

10/40 Z 



©nintcr mmn 

HO 1M 4/02 

4/5S 
10/40 



MB ■ H*S«>W0 OL (£24 10 



(21)fflK## 


ft&2001 -337634( P2001 -337634) 


C7DHKA 


000005821 










(22) HIKE 


5 P&13*flI/3 2 0(2OO1.11.2) 










<72)3g9H# 


tm 








AEJtR^*A^H«l006#« «T«8 
















mm *x 






















(74)^56 A 


100O72431 
















mm\zn< 



(54) mm<D%m u?^a=**» 



(57) [**»] 

1. 4-1. 8g/cm3^|,iA ttiWir3 ^ 4S 

ft. 7/l^~^A?Siu tffiTA'S-^-MSJttSftS 
ft£$K#3. 3 — 3. 7s/cm8tfMEft&tfJH£:j&» 

fttt^Si:**^ 9 . frlajES-^WB^. LiMnjO, 
>L i N i OifcA^SjSiftM ( a) . LiMn,Ni 
i^O^&SjSftjf (b) , LiMn,0 4 fcLiNi 
OgfcLiCoOifc^^SlllW (c) . £J:ZXLi 
Mri-.N izCoi^^Oifr^&mm ( d ) JOfcS 




;(2) 003- 1 42075 (P2003-75 



i. 4-1. 8g/c m s<7)gM-£timtfrh%m 

tifim&tf 3 . 3 - 3 . 7- g / c m 3 OjEffi^Wl t 

Miemffi^BA*. Ii3t»«tJ:*^. fa 
IfijEffi&tfJBa*, L i M n, 0 4 L i N i 0 2 
%mm UK LiMn,N i].,Oj !&»&*.iSHWH 
(b) ; LiMn 2 0 4 >LiNi0 2 fcLiC60,fc^ 
fcfcSiHMi (c) . Bil c LiMn ? Ni 2 Co,. ; . 2 
Otj&WySrfciSWt Cd ) «tO*&S*^Stfiifc^* 

< t 1 i 8££tr.r t m m t -th v f>Ar$t«„ 

[||*Jg2 ] ?gfoSf ( a ) ttiii ( c ) fcBlvt . L 

i n i o,uu -■■y^vMtfi'tf)-**', nA^M* 
y fc i V T/u £ - *r a >f 5)- y i 9 =& & &i>* kMtfivtZ'J? 
tc<thl fttfH % >X~WM § iltz. L i N i j ...» C o a 

Ai b o 2 (o<a + b^o. 25) comfcz^i-htm 

[»*«3] SHHHa) KtJ^T, LiMn,0 4 « 
LiMn,0 4 hLiNi0 2 h^|g**^2 

[an*«4] .mm ib) tzts^x* xm&. o<x 
<o. 5x*&mm(immw)^^-&MM. 

[M**5] SW <c) fcBwC, LiMn 2 O 4 £0 
#*PW±. LiMn 2 0 4 tLiNiO s tLiCo0 2 t 

«o«att*> 20-40 mm%x%z>m%m i iea^ *j * 

&3Pt&(i, LiMn,0 4 HiNiO ; hLiCoO,t 
«D«dl*<J52 0-4 0»*%T££iWI 1 §m<0 'J f~ 

>>AZ<HEl!!. 

t mm i ] mm id)i« j*\o<y 
<o. 4. zmtK o<z<o. 4Tb&ffimiwm 

mm® mm t <m&<?> i o - 3 o nxx-h & ms 
[^jiio] t&jRiaoTO&HH*. 10-40 

M mt'l) v ) , MEMSiSfttt^W^Tgfi- WIS 

sis^T^fiTfio 7 o %y.Tx-* s umii i issuo 'J 



[000 1] 
[0002} 

*Bitft:on> -c-tflfflSflMili: IT 'ML S»T«x 
*A-¥-ft*£#t5 y^AZ&SHfciffiS^ii, f- 

afc*ftLTSt. c^uf-^Az&iKfci. »wa 

mt , 'J + ^A^tf3^S5a-&iMfcft*tSfi8H4: L 

xa. f^rMmxmmmmttzmmmmM mm 

VA-!l?yv>f ;nt'-X (MCMB ) 
x-X|»»S^ y 7 x-XjRjKXWt (MCF) W 

t\ Svtffl^^L^^tttW^th&L i C 

e o o o 3 ] z<?>£ o m ^^Az»twifc*iT«if«i 
-ft) fcfi3Jthfl:fc:»t&98a*«*Sv\ n^s^tcpq 

1 . 4 g/cmUU:l:iT*6i#a; T/US 
•-^Ai@±tc^S-<i-fcL i C o Oi^fc$r4jE*a*r 
3 . 3 g/ c m»£U:»C*-CSif>4#ft3jf«t* 

wsn-r^*. -ix^ii, mmftmmffc%tmx\ je 
[0004] msfiomssjcw-rs^sSAfc Lrt±, w 

iiiWl 1™54 1 2 3-^&«CfeSJ: ate, WB 

mtzim $ tih #ihmimx'B&*mmi-m& m 
mtix^z, ztin. m^fmmmt^&^im 

'J^^AZ^mMTii. ftSi^H-fl^S 5 0W 

[0005] -ire: v+v^izdtmmffij&mc?)* 



:(3) 003-1 4207 5 (P2003-6-75 



*K* 0 . iSHT"$>§ 4 ^ft#t LT , WSrL i M 
n 2 0 4s L i Fe 5 Mn 2 .,0 4 fcV>ofr?y#>1I-£# 
fl3Brt\ LiNiOi,.LiCo I Ni,.,OifW:-y^ 

ytfymismimit. iw£«e#l icoo 2 i 
hi<> sm^^afts^^w^tt^'L i c oo 
2 tzitKx m < , mm<?m£i±* fti*** t v s 

t^src* & fcft , m&mmmrx-? >%>wm 

tciiPj^x^^H^ gfeco-v^tm-smsmt* o. 

* ; Licoo 2 tz&Kxmmmiktfi 
mat t^o . mrnsn^ l i 

L i C o 0 2 X *)m , 7 A**Htttftt^, 

8- 2 2 2 2 2 0 #&$8£ 4 1 ^±1#EPF 9-92 
.285 *fcWC(i , - v $r/M * > W-iS CoU > 
^>A J ^^-yt'S^tS^SM^tM+SiiTW. 

[0006] LiMnj0 4 tL iNi0 2 fcfiD 

ifc&tt, L i Mn,N i ,.,0 2 , LiMn f Co,Ni 

ZtiZX*). LiNi O t <0«S*tV^«jftfrT*6 
«tW*Lfc*4, LiNi OiOj^TT&S&SSE 

^J^ilS, ^id=5:«i4li. #H¥S-1 7 1 9 
1 0 m&m. ttM 2000-294240 ^jMfHFfcN 

[000 7] 

[^BH^jg^LJ: 5 fciTSlliI],lA>L£#£>. - L i M 
n»0 4 > L i N i O,i0^^, L i Mn.Ni^jO,, 
L i Mn,C o,N i i-,- t O t fc^ofc*^«|fk!ftSriEffi 
iS&SKffl i v /a < iSffl § tit JUS £ Hffifcffl v >fc 
'J iClimMzii i, rr t , m^ffy? y 

fi^Ms ( s o c ) £0®t. stt&pU: tr^ft 

2Mn s * — Mn" + Mn i+ 



[ 0 0 0 8 ] H 1 Ji. -JKfl<j&J£S :LiCoO £ , ft 

y >7,com±&m IX V . ij ^AZ^jl^lttJ 
»(Wi.tf4. 2V<bS«EBtWP5r4f> , eili. 

x*$%^fz#>, nmiz&^xmftn&miitzt) . &m 

U fWWEB LXl&o «£Wjfc-f£ S . IE 
ffiaSftSiC^i, LiCoOjiDO. 5«-?KE«o- 
<'#ft : 137mAh/g, SffiSI&^iC 2 ii, HJS 
COL i C 6 ffMKfEtS-^'< : 3 7 2mAh/g4»- 

[0 00 9] JfffiTli. L i Co0 2 i»^L i^e" 

coH\$m hwrnytmrnz , c o o,Mtt^jto 
^t^riEWitiotiiiioiu. sffl-rs l i c o o 

i«*tJH£Ct»J:t**. ii^r, 5mAh/gS«<0]Ea 

iff xf-i/ h h if;M — -1? *- N 

fc^«-6«6WKL i P F 6 £^§^, it«tWifiKlD 
^i^mffi^^ffiffl Lfc*^(C t . 3 0-4 0 m A h 

'J^^AZ^SM^ff«JiS^ifS©til^» (4-3 

[0010] JfcC LiMn 2 0,tLiNi O^Jjft^ 
tf,.L iMn t N ii-jO,, Li Mn,Co,Ni,. ? .,D 

BSt'U>Z&B2&jit. LiNiOi. LiMn 5 N 
i x . x 0 2v L iMn ? Co 2 Ni,.,.,0 2 ^t1i. «3 

L i C o 0 2 lcJt^T*§^£i^ jEW^pBTiBS 

[oo 1 1 ] zz-c, JEmn?y#y&mL&&mtt> 
^masi-h^y^ymit. mnmim^mm^xm^ 

Kh2m-?yfjyA^y <Mn>*) tf±fc#£63hW 
t. 

(3S11 ) 



(4) 0 0 3- 



1 4 207 5 (P200 3-S«£ 



te, ffi«e{;*5^iifc3fftLh^)-7y^>M 

[0012] ±iec0j; d t]Effiffift7HBt LT7>^> 
Mn 2+ + 2e- ~* Mn 

[0013] 

fflmt, WKIBBJttJBi«SWi«fflB& I l. 4-1.8 

is t , uner/V' s ^M^zm^ntzmwf' s . s 

-3. 7g/cm*WEm$#mhfrti>%&JE&s tch 

mzmmmz m lx% i u ^ a - ^arfc -> 

A, WEjEtt^ttJisS*, LiMnjO^LiNiOjt 
^sSr&iSBflt (a) , L i Mn x _N i 1 -. J ,0 2 A»4,5r4 
£4MK (b) , L iMn 2 0 4 fcL i NiOjtLiCo 
Ottfrteltfflm (c) , iiilXLiMn.Ni.C 
Oj.^O^&l-ig^® ( d) i»5*S1»*»4>iW«l 
ft:^< 1 fc 1 t iftmb-t* U f?A3 

[0 0 14] (a) 4fc(4 (c) tfi^T, Li 

toiLX/TH 5 ^-y i 9 &£f¥^6iafcHifc;J«6: 

<tt HftO-fJtXCBglSftfcL i N i-,.,. k Co,A 
l b 0 2 (0<a.+ bS0. 2 5) 0W&&Htt>Zktf 

mu\ mmn(a) izti^x, LiMnA^t 

JW±„ L i Mn,0,J:L i N i O 2 h?)&£&0)2O— 

5 omm%?s>& ztmtt ivh imn ( b > tz&u 

T, xfliS, 0<x<0. BT'^i^ftU^iS 
MR ( c ) fc&irC, L i Mn 2 O,C0f t$li. L i M 
n 2 0,fcLiN i O t tL i CoO t tcDmMMcr)2 0- 

4 omAxxfchztzmt u\ mm < c > est* 

"£„. LiNi OoiTJ-tW^ti. LiMn 2 0 4 i:LiNi 
O s t L i C o 0 2 t <ry%mM<?) 2 0-40 S*%T'J) & 
£fc*qff*U*. *£$Jff ( d ) cfi^T . yflBi. 0< 
y<0. 4. zfttt. 0<z<0. 4t-^,l>^i:^ffi 

[0015] mimmmimm^mmi. mmtm 
mmtmmt<7>$mn 10-30 m&%x-h &zt# 



^«:»(c«i<^PWkra6* < fii»)W\ it* IE® 

LX. mffi«2^SMnA%ffl^|>, 
(5t3) 

; fc L 1, ^ Btl£ffif 0 ^¥^^ii, 1 0 - 
AOu mXh *) . UiSiiMfHMttt^O^S^flii. 

^. 

[0016] -r**)^ . *^t'(i. iEffiS^Kt t 
T> LiCoO,j;9 t-#fiLSft*fc 0 ^"TiBSJI^ 
SV^L i Mn : 0 4 tL i N i O 2 tc0fi^tT, L i Mn, 
N i j _ x 0 2 . L iMn,Co I Ni 1 i,. I 0 I fcV»-5fc^ 

fcMJRfcLTWlffi^Wi^eKS:, 3. 3-3. 7g 

$ iiX t ^ & ©ft^IEffifmSiOMi 3 . 0 - 3 . 3 s 

zmmzmt. iSTffsmimtttix^h . 

1 . 5 - 1 . 6 g /'c m 3 gJg-Cfc5 . -SW^SJ^ 
S®S{42. 2 2-2. 2 4g/cm3tW; 

[0018] ugcu. snjftfttt^n 
m$ ■ m^ix-nmzmthk. mmmmmmmi 



J(5) 003-142075 (P2003-;*7 5 



«vJt<x , mm soc &m> wmiz&\ *t *, wm> 

^.«^mit$il, Mn^)»6\ 5tl^%ftRiE 

x-mmm i k t*s v >t *> jes^m n * * ^ 
jfet^^aafcff 3 . ie • nrnm^nzmmiz® 

■^Sn^JJtl < r & 4 C t . f£* «fc 0^-7 >' 

[00193 #?ianTti, Mrn'Mtrntmnt^mz . 
mm t mam&stx t <m*n 10-30 **% 

ttn^^g 3 £±1B W: J: 3 ME^iEHieifiW-f £ 

fl^*f ^ffiffilSJBttt^tclIffi-f - t fl^C* & . - 
OPB, iWt^SEi'aW^feTSSil 0-4 0jL£mt 
. U ftWfc*S*affl{ttt&*WWF«tt, UK) 
J F*&tt : F®tf> 7 0 JBJETFt -f 6. WW&Ffi 

lit LT<Z)Mffi&tM?)8flK£ 1 . 4 — 1 . 8 g/c m 
3 t ^ i fti tfEffltiSbt: L . i 0 -1 w^rftoSfx*^ 

[0020] 

mmmm 1 wJBi u f-^^^aawnsta 
fit . m<.nmmzm iz%& i ) *v&-ttmmz& 

£$fltf>$££ 1 . 4—1 . S g/ ctfiL. IES 
ti. L i M rig 0 4 t L i N i .0* t Of^W* ±ftk L 

->TIEfe^*^.S£ 3 , 3-3. Tg/cm^tl- 
fcfc«0T*&. ULh^jfcfcJcSt. 

si-r & <r t #-cs & . ft6£#Ji«o$g&& i i . 4 g / c 
ma mz'te . aau o *&*0&it£**£ k&z-% 

*H \ —-ft . 1 - 8 g / cm=l: il-gtlttil 



-3.3s / c m3 $ffix*n . y> $ # 

l>ct^'x*&^rv->, — ^T, 3. 7 g/cm*£Zl&m 

t 0 0'2 1 1 Z ZZ\ L i N i 0 2 tC#till> 3«<^)- 
-/^-;H*y : N i 3 *(±, •¥—>-. • f7- 

5t;m«^-< ?^5r«IOjStfe*&cOL i N i 0 

t o^m\m±%<%%» znmtkhxit. -v^ 

1*4 yfylzX-o xSVmfcmiZivfz - *S±. L i N 
i ! . a . b c o a a l b 0 2 T^Siil. m^BS'ft*T'J>^ -r t 
imtU\ L i N i Oik IXLi N i,^. b Co a A 

m^mitmmim^m<tm-thtzmz, 3 

li, 0<a + b<0. 2 5Srp3fr;t*W^Lt>, 
[00 2 2] LiMn,0,Ui Ni0 2 t*. 

l 1 c o o 1 1 itiw& t . #e*fi=5: 1 1 lum&fm 

fotz *) «ifi(»ltt.' LiNiOj>LiCo0 2 >Li 
M n 2 0 4 COMT'^ < . ?^O5t«««<0Sfe WSStt 
tt, HRfcL i Mn,0 4 >L i C o0 2 >L i N i O z C0 
miZ±$^. m^X. ^HLiCoO^f 

&z%.w<wmt ix&m itz y j; 0 1> 

^ft^S:0|.3t^tii, L i.M n 2 0 4 1 L i N i 0 t 

<vm/m'm& LiMnjO^H^f 

S- 2 OSi^J^JitrSjg®^** . WJtJ: 0 . ISt 
WLiMn 2 0 4 ^t$li. LiMn 2 0 4 tLiN 

io,i c7)iM*« 20-50 mm%xs> &Zk &1& £ 
[0023] frteftffiii, m&wmz, $6t^»ras 

Loo, ftfe)^Iox*AI < i"S ^ t *«*C* § , 
it^ jfiE-ft L TftffiS: (Sti ittJ: f J . iE@ t-flffi 
Tt^mnx ^^m<T>1Mu7,X *)±%<~f&z\lifX 

m->x, m&vmmm (4v-3Vfts£) tz& 

t*) TiSaTt;fitffLfc«^t«*, IEffi(%TVjMn2 + ^ 
^iSt^^igiiJCffd . IE - ft«S*^ft^«d*(c 



i(6) 003- 1 42 07 5 (P 2 00 3-7 5 



[00 24]^tt<0Jg»2 

£*t»w»Jg£ 1 . 4-1.8 g /cm 3 k U IES 
(i, LiMn I NI,. I Oifc±#tLfc]Ett^tftT/l' 
S-^fS-hfc^U £ESf£^fcJ:->-CIEft£Wf<9 

[00 2 5] dCf. jEffiKflEffl-t* L iMn.Ni,., 

o 2 4>^>*'>^^-y^ffiftit^x{i. o<x<o. 

t:C£0iefflt^k. L i Mn s N i i.,0»&, tvb^ 
<: 

.[0 0 2 6lHi6^W3 

A ftfe£lEIS«S«fk -TftiE 

^tt«««flES: 1 . 4-1. 8g/cmSfcU iES 
ii, LiMn £ 0 4 >LiNiO«>:LiCo0 2 i:<7)l^ 

E6«»tJ:otjEftd*rJiO«fie»i3 1 3-3. 7g 
/cm a fc Wrfcwr**. 

[0027] L i N i o 2 (i, st£tfeco)mL.l k 

tz, mm±, LiNij.^cpaAifcO^sh** 

nlftftt'ft "9 „ 0<a + bS0. 2 5£Stfc-r£fc# 

[0028] if;, LiCo 0 2 <?)A^#ifeT'jESvgfe 

fc£ i®8*ffc£E4fcfct jESfctStf* L i Mn 2 0, 
0>&*sN£. LiMn 2 0 4 fcLiNiO->LiCo0 2 
k Ot&fi*D 2 0 -4 0 ftM%T'&§ Z k iffi* U\ 

mncom&fr£>, w&tz&n&hi n i o.ofriw 

LiMn,0 4 tLiCo0 2 i:LiNiO, hff^M9ffi 
2 0-4 0«J3ST&S<1 t UK 
[0029] mmWMA 



£^}f 1 . 4 - 1 . 8 g / em 3 tL IEII 

14, L iMn,Ni,C o,.,., 0 2 &±ftk LfcjEfi£*T 
5 AS6_hfc&ffi L , WmmiZk r> TjE*£ 
#1<7>£«£3. 3-3. 7 g/cm 3 fcUt 

[0030] iEItWLiMn^ i,C 

o i - j - z ° 2 W * ^ t — v ^ A-f sJ" V^OSM ' 

it*y. zii, €-ft-c*i0<y<0. 4, 0<z<0. 

iMn,Ni l co 1 .,. I o»si ^bvphmwgmmm 

k ^tefiHfc* k LTf# 5 ^ k 3&«-c-# , S*#d©Sft^fC 
t,ffitL^ l J^A-^m^^#l»;k^T-&S. . 

[0031] mm<mm5 

mmrnm 5 , ±ie Ltsito©® 1 - 

^■**Sr , HIS k MBM-imtm k 10-3 

x e JEffitoSl^ox J; 0 ±^ < -th i k S k k 
[0 032] H£tt<^S6 

4 o y ft iiSWItS^^* 

^mtf'&K 10-40 u mnmwmmm . Ajim 
abwkm^h. zm^^its ±trc*&jwft« 

fM»f £IHEi S w k *%lgk 5: 0 , 

g«JK«mS^ S Z k ^T'* ^> . ±1tSJ[W£7 

ft 1 0 0 ju mOTfc .L*(-m*f , Sf^JWimtSr«« 
-F-S^ 4 0 ju mttTt=ffi»Jf S^S^fc-g- , &t 

[0033] 

mfhnmtim^mmm^m.mLtz, 

[0034] 1 . HSffffi® 



i(7) 003-142075 (P2003 -$> 7 & 



ttYfcU:, 

( i i i ) $t4fJ!§8 X L -cafe^Srttffi I , 



( ) t J: f ) *tt>fc*f*»^ 5 0 %b#^«T*£> 

[00 3 5] 
[3U] 







mm 


BJiWZ . 












19 


9.2 


9.5 


BETitSHBI [mVd 


4.5 


5.5 


5.6 


HSflHe'ctG 


2.26 


1.55 


Z2B 


««IE Lg/cm J ] 


0.52 


0.4 


0.46 




0.98 


0.93 


0.91 



[0036] m<wm 
{ i ) mmm* 

1 0 0 £t$0££S XC. 1 ■&*%<?>*} )V *)V. 

■t^o-x (cmc : mm) i oojuss 

N if«tl)4xfpy7"^yxy7A- ( s br) 

SttftXO 1 0 0M«(c#f t T - HflJiTC 2 ffiJISP 1 4r 
£ «t o CUM U* , £ 3 LT ft* Lfcx 9 tf I 4 7 * - 
TV-KfcJflWCMffi (/?$ 1 Oxxm) ±£-5e*>«S 

;UTVX£J3Wt£gU f$7 5^mt\ 1 . 

>J - H S: W 0 olt . fMft m x fc Lfc . 
[00 37] (ii)ff«flffiy 

BJj^jY*ffl^-c. ±MtmmizLx. imnmyzim 

tiMtoftm* l . 6g/cm'i T±(f £tf)Ji^H-tg 

#«<7>^ES 1 - 0 g / c m* CHS Lfc. 
(iii) ffMttz 

wmzzvn^x. laztmmzvx. wmmzz-im 

£1. 0g/cm 3 £Kl,fc, 
[0038] MlfclHitSx-z *■ 1 0 0Xtf>££ 



C) UW^-^-b (EMC) Srft^ifc 
1 : 3 TII^ LtlllC .1.5 U<nmS.t tctXokZ 
L i PF 6 £j£#$-t^igfflL -fenU-^WifK'JXf- 

[00393 ^*: 5E«rS5g€E (CCCV)M 
5e«»0 . 5mA/c m 2 , i] ••/ MtffO V (vsLi 
,'Li*) 

^mffiO Vffi^ * -y MtfiSO . 0 5mA/ c m 2 

#HM^e2 0°c 
as«:^ma (com 

0mA/cm', A-yhfflEl. 5V (vs 
Li/Li*) 

#am^E2 0' 3 c 

[0040] dOjBSgfcJ: 9*§£>*lfc, ^BcO 

0-0. 5V^t'«§*fc. 0-1. SVit-^M* 
[0041] 

m2i 









fife 












l.S 


1.0 


1.0 




0-G.5V vs U''Li' 




290 


36C 


O-lSVvs Li/Li* 




420 


36S 




wass; [mAh/g! 


35 


90 


40 



'■(8) 003-142075 (P2003-<y75 



mm^mmt . s 5 m a h/ • gcommvA ! £& 

fctfK 0, 5V4T<0»TO»i2 9 0mAh/'«fc/h 

* mv^mm < 4 2 0 m a h . § ) ^ix^tz , 

[0043] 2 . JlffifM© 

mz. jssbxk, ®my. zzi^uznmmmm 

MR A~ FOUR 

{ i i ) 90 ggagg)«ia x k . 10 igjtaic^swtY £ in 

(iii) SO MBPWMffiXK,' 2 OMMeoftttY £ 

dv) 7omM<n!mxtz, 3owt&m&Y£tKi 
<vu 8ofi«ai«MiBXK. 2osm.m<nmzztu 

■F*tt«Lfc. 
[0044] flsSL^6«W^g%I*fflV>T, ^il-r 

n-yuxm^xE&i, nmrttm^mtfi 5 

X\ mmifil. 6g/cmHZtc&£d{zmMUz> * 

lx, zn^zi^&zziziffiMri* *%<nt#> 
mifz. OTtli. iiSWiA-FtcMJfctl.tffi*:^*! 
[00 4 5] 6 flings: . £ffiiFffa>fcP3«fc 

iooroE^#fflmTt'8B#ra^$*5t. 

(EC) hxWflW-^-b (EM 
C) £{*«Itl : 3Ti&trL£i§i5£, 1. 5'M<?** 

tdi#-gx^i^>^?L,li£.ffl^T3ffi^t-*— feiU 



[0046] 
[H31 
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[0047] Cili i D . ate»B£JIH>Ttf®Lfc#ft 



[0048] 3. ftffiifffl© 
±Kc^Sfffl|© tfc v ">T . MB X KSWf V . Z 

msssmmt ix±mmmnA^F . Rvtrnxn 
ifzmm {%.smm) zfrni*. ■i?mMng.m 

g: 3 0 0mrn) Sfflvvt 5 EM 931 U E®E]&i:& 

[0 04 9] -Zivm&frb^ 8 0S*gg£0lliSXt2 0 
ffifiitoHM* Z £f3s?i0 Lfc*Sfc«F a. MMIIJ8X Sr 

tife$r^ttmwsm^ x<nmmmt>h mx\ mm 

[0050]-*, 8WYtJi»Xfc«jDLfcSai|lt« 

a*g0K>saD* ( 5-2 o«fi%) i-rti, ± 

(3fcK> m-oX. Stt*A-C£ 

aSflnjfc&fS 0Ki%^SM?Dc0*^ 1. 4-1. 6 
fc» {tWYO^Jpa^3 5S4?o^^WEi:-{i. 4- 

5 moEMzmM L%irtd£mm& 1 ■ 4 g / c m s 
[005134. mmm<x> 

jjb i - 3 z^flwetT, ©s^s+w^ttaw^* 1 

5 owmmt. m ■ fimmtx l i c o o, 
muz, 

(ii) Ni (OH) iirLiOH- H 2 O<0S-&1fJ^iSg 

#n.mT7 5 ort«s. ■ s^islt l i n 

(iii ) MnO,i L i OH ■ H, O^^Sr^M^ffi 
.S«Ji<7) L 1 M n 2 O, $r #SI Lfc . 
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[00 5 2] (iv) SEftff-CN i^tMn'^^mmz 
^ttMn o;j Ni 0 , 6 (OH} 2 *#. ZtllZL i 
OH • H 2 O^fe^LT^#ffl^T8 0 0r-T« 
ft. ififc ■ ftSOHSLX L i M lu. 4 N i (. e Oj £fflR 

C v ) Rj&SbflfT'N i^tMn^tCo * fcHiSC&ifc 
S*TMn,.,Ni,.,Co 0 ., (OH),fcL, ZiXiZL 

i oh • H 2 otmixMmmm%Tsoo*cx'tm 

flL • fiSlfflSLt L i Mn ( j N i o. s Co,. , O. 
t O 0 5 3 ] ' Ztib 5g<7)IE»SaS*fflv^T . GTF<Z> 
( i ) 9 SSSSfcOL i C o O.JzmWMt LtcOT^ 

r> (PVDF) SSi^iSdJOU 5MR.««N->* 
2 - to U H y ( n m p ) zmMMz-ftW^M®. L 

fc-h'^-TV- K^ffi'WCT/PS-^A?! (S§2 0 
If £ # 6 5 ju mf , 3 . 5 g/ c <Z>jEffi£# 

[00 54] (ii) LiCoOjiOftbDtLi Nip 2 

(iii) L i CoOjOftbOtL i Mn 2 0 4 5rfflV^d 
fit* , jEffi g t FHE LT . FACES i Zim I ft . 
{iv) LiCoO s «ttM(:LiMii 0i ,N io, 6 0 2 £ 
ffl^Jtit&^h jESgfcfflUfcl/C.. HMEEfcj -rff 

{ v ) L i C o 0 2 c?)fti3 DKL i M n„. 3 N i- 0 . 3 C o 

SkfcffeRLfc. fmLfc5«<9iN«E«g-"--kS: 1 0 

orc?)ss#HMT-csB¥ia^MS^, %<om. *m 
tmmmz&m y f-^. tfttuxfixy*-* 

♦tKEC) fcxf** b (EMC) 

*> (OfflSSrHttLfc. 
[ 0 0 5 5 ] : £1SK£CE (CCCV) 
^IKSe 0.5m A cm 2 ,*7ME4. 2 5 V ( v 

sL'i/Li*) 

stiff 4 . 2 5 Vim. f) v hMMO . 0 5 niA/cm 



ftt:ttS(CC) 2f* 

^SiS 1 - 0 m A / cm 2 , ij y V%& 3. 0 V ( v s 
Li/Li*) 

■r. 

[0057] 
[«4] 
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its* 

H 0 



[00 58] i^iSHU^ IE«S (LICoO,:! 
W ) ttmiXlEmh ( L i N i O, ) ti 1 8 0 mA 

< , ^Fsna^ji^s ^ t ^ a sit ^> 

fe. £ . lEffi i (LiMn,0 4 -) iifeHtffi//© t > 



b\ "fi£MS,ff' 1 1 8 m A h / gk>h*<, '^hm-M. 

t> mm± tzt mmx% fc. * 

tej~?>#y- y Til (. b ) HMSfra^SftS 
£fflv*fcjE1S j - kti, nfftijEftg ( L i C o 

[ 0 0 5'9 ] 5 . JEffifffifi© 

fiftfc ^Dl^^it jEffig (LiCoO. :|p 
*f ) J: 9 fcjEffih t L i N i O? ) 
3.. L^L&tf*^ "FffigiOfti^fcL iNiO, 
is, 3ff~-y Jvl^f :frV : N i > ♦#•**->' • 

Djgu^m. s+im t^xmrnzikm o®& 
gitzmzmz?. zix. -rH^^HP^s 

BKtft: L i N ij. a - b Co a Al b 0 2 S:ffl^St, 

t o o 6 o i zzx\ *mnz&\.*x i> . mT^gfe® 

( i ) N i (OH) j £0RH5SSf iC&^T NS !, i C o 
St &MHTCo 0 . !6 Ni 0 , !5 (OH) t £W«U 
ZtLiZL i OH • H 2 OSr^LTK*#SI^TS0 0 

xix-mtim. im ■ mamix l r c-o 0 , 15 n i 0 . S5 
o t £imi,*:. 

(ii > ±CTC o<3ft*>«J£A 1 &fflUSi fcttfk PI 
iCLtLiAIo.^Nij.ssOj^SUc, 

(Hi) Ni (OH) 3 tf>RJ6ftfffc*JVvCN i 2t tCo 
J< iA l? + h^Sit$-ti:TCo 5 , 10 A I„. 95 N i 
o.ss (OH),.-„&IWIL, CiltLiOH ■ H,0£ 

nsixmm^mKYs o or-c^a, • mm 

SLTL I Co,,„A l 0 . os Ni j. B6 0 2 S:tWLft. 

[ooen iMsm^m^x jEmzim i , sie^je 

«h (Li NiO,) fcifcRU:. 
( i ) 9 SMMISfDL i C o 0 j g N i 5 . ,r. O- 

df -9--rtT-Hi-t:i&^St L*:& . t LT 'J 

7 ? tee- u fy(pvDF) 5 mmmu i . #at 
jicDN-^^-2-t*PUH> (nmp) %m.mt 
%#e>m. i xmt&ttxvv &m. it: . z?ix it 

«Lfc* ? V t F 9 9 -TV- H Srffl^T 7 A S A 
IS ( If $ 2 0 fi m ) ± t-5e«JP § taffi L, CilarS 
0r« I'y -i x.TX"&mttmz. 
^"CEEL . m*&6 5umX\ *«*«3 . 5 g/c m 

§ tCgaffiSfll L X , *kVttnt&M?>TK> 5 -»? Ag 'J - K 
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<ii) L iCousN i o. 86 O 2 Offcb0fcL i A 1 

■ OH) L i Co 0 ,i 6 N i 0 . 86 OjCO(t^OtL i C o 
0 . 1 ,Al 0 . 0tt Ni,. w O I £ffl^;:i:JSW. Iffil t 

[ 0 0 6 2 ] iEffi 1 b MIBT«L^IEffih £ 1 

(EC) UWfA-*-jK*-f (EM 
C ) e^mifcl : 3T1I#L*MK. 1. 5McomS 

^rs^*) , s.y5o-9-^ ^./t'@^ms^*tssi 

tOO 6 31 
[*5 3 



j £ 
p * 



[00643 £-~3SSUf»<». L I N i 0 2 O--y ^/l-f 
;T ( £ : 1 5 m o 1 % ) £ 3 ff WlflBtf 

iCo 0 .i6Ni :i . 85 O,. LlAl,.nNi M fOi> & 
If Li Co 9 .„Al, i0 (Ni U5 Ojli, fcflW <31M 
fcfi^-Cli. ^-filtL i N i o^W^SSi 
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[006 53 6 . lEHPfl® 

mfenimmmeygim-* t> „ e& j < -? > •? ^ 

£SS«) -t. lEUe (Li 

CoO.: m® ) t*)i>imk%t Mi h , Lfr LZc 

tih, liit-Mmcmwimzii, Ni^tMn^^ 
«n i ^ tMn2'>co 2t a z^mKmzmmitzi&ft 

mT^tt^XUn.H i lM (OH) 2 &^U2Mn y N 
i,Co,. ri (OH) 2 3r-&j£U ClilSrL i OH ■ H, 
Ofc?g£LT»fl>#& (ftaSfe) v Ni (OH) 2 
tMnOjiftttNi (OH) t bMn0 2 bC o 3 0<b 

com&%ffiiiz^ l i oh • H 2 ozm.&ixm&i-& E t 

(i , Jiff RJE^KM n 2 + *^*^^Wfc:gc^SrM n"Ci 
3Eg*mg>a"5T 

[00683 IEfiff>ft« 
( i ) 9 SMMBrtJEWSfolt I lc*«Hi: tT^T-fe 
> 7 y *t9 5 MSfcj0;fCtel{O 5 **f-fiT-t 

r> (PVDF) 5fiM^^^ilPl. mfflVN-J+fV 
(NMP) rJiSSDl^^^tT 

m ) ± t-JgcOW $ iC^iJ I . iilSr 8 0*CCD h* 7 4 x 

( i i ) jEmmmm i ottt> o tjEssanirn s^v^c 

( i i i ) lEKgfM I «ftb *5 CjEteSftW I J £ffl v tf: 

i t . 3Effi o i mafc t f . iwies q am I 

( iv) I oftbO fclE^ftfilV^fflfc^i 

( v ) lEffiiSftfi I <Z>ftt>9 fcIES8HMlv£ffit 
b im . iEffi o t PSftHc LT - fPfffiiEffi s S-fmUfc. 
( vi ) jE&j§4Mt I <Oftb 0 CjEftSftKVl *m^fz! 
bim. JE*ofcR«tLT. iHEE«t£fl=ISLfc. 
[0069] tf*Lfc6ffiBtf>jE«o~t *■ 1 0 O 'CCO 



x-^K ttz. t^m<oM^mxn, mmmz&k 

&?u7 t a m<mw£%&- ^mm-tui % ^ &-<,». 
t o o 6 & i * c x\ z n^zitKh b mws&tm 

It'LiMn^O,^ LiNiO., LiCo 0il5 Ni' 
0 . S5 O £ , L i A 1 0 . iS N i 0 . 85 O 2 . LiCo,.i ( Al 
o.osN i,., 6 Oji«iL iCoO,S:^ «6t*1-J: 

{£ bfc. i Cl-Ctt, LiMnjO, OfiJ-^^ 3 0 SM%T* 

[0067) 
[*6] 



(EC) tXf;Wf^-^-h (EMC) 

CL i PF 6 ^^l¥S-tt^?g^. ^^-^tci^'jx 

fc. fit, IESf=iI©^fcHt/^->i05Emt.m 
*$■ 3-t-f ^/HftDi&L. jEffi^M^Sh^^a 

[0070] 
[^7] 



_ UMn i 0 4 :UNi02 = 30:70 
LiMn ; 0 4 : tiGoD^NipjsO; - 30 : 70 
LiMni,0« : UAI„ ^Ni^O; - 30 : 70 
UMn z 0 4 : UCop ,^^^,50; = X) : 70 

IiMn g Q, : UHO t : UCt>0 3 = 30 :"3Q : 40" 



(ft 4 ) ) 0 3 - 1-4 2 0 7 5 { P 2 0 0 3 -E3«^ 



< i 

3 £ 



& K9 



[00 7 1 ] £05*Sft&»£, Li3Mn 2 0,(3MtTLi 
Ni0 2 , LiCOj_ 15 N i 0 .s & O 2x L i A 1 0 15 N i 
o.8 5 0 2 . L i Co 0 , lc A l 0 . C5 N i fli85 O 2 c0-eil^il 



ifl50-160mA h/gffWSm&t 2 0-25 

( >y tnmikwtitm ) .^m k ( ^ > - 

*t;t*«JB&. LiMn 2 0 4 l;*fltLiCo 

OjfcatetfciHwtv (je«s) ii, fto«r^§fit 

S^oTl^S. 4ft. LiMn,0 4 hLiNiO;tL 
iCo0 4 fc£&£lTf^U:iSiJlIVI (Eflit) 
(i, iSJWt I -IV(3fA<{±&^\ 1 4 5mAh/g 
fc . LiCoO, &#8rCffi^ftiEffig ( 1 3 9 m A h 
/g ) J: 0 &5v^i£S«£4£*c:fc^SS;ft.ft. 

wbfrt&^ttih. act, mmizv+*?j±-}%mm 
**j*z&w&cwmi=mixi±* -r^xmr^mz 

£&i>cr>t Lft„ 
[0073] < 1 ) Hffi 

l 0 Ofii^mSiS^WtlSfi?^*.^^^^^ 
./H^O-* (CMC : ffW) 0 0*4§S 

fc. *S««T'S>l»x^^y^^xy5A- (SBR) 

1^)10 0 fiiSKJtf 4 Hffi^Jt^' 2 t * 

4 X o izmm Lft . £ 3 Lt fl* Lft* 9 U t JffiB ( * 

5 1 0/im J <0P5ffit^DliSrfflV^— Jt<0ffStffl=W 

u i oov^Mx-m^-t. *<m. a-firi/A 

tffli^EKLT*S#7 5tfm («W)JSSi:frii 
ft 1 6 0 ju m ) T\ 1 . 6 g/c m> 

iiffMLi-, -fir, £ftms&7>±#S£lMi 

LT . jfeH;<7>fty>tf>~ -y jr;WK U - F 0 oftf JLS 
[0074] ( 2 ) jE® 

y -y ? 5Mi^n;tT<fe^> 5 ^-ftX+MzUS 
V D F ) 5 fift§&£ML . #»«<0N - ^ 2 - 

to u h >- ( n m p > ttmmttctfhim ix&ttz 

7'JSrfNRtft. £3 LTfNILftA^'JSrTA'S-^ 
ilS (US 2 Oum) OSH(cMl«effl^T-^S 
SCMU 1 0 0r^K^xTT«£-£. n-;l 
7V*«rffilvCJE£L-0¥$#6 5jum (©I^ilSfc 
LTliS&l 5 0 Mm) T\ ®£#3. 5 g/cm 3 C0jE 

oli-CjEtttLft. 
[007 5] ( 3 ) I^COIM 

ft/yMH-b.'^-^ (f§30//m) Sr. 
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[0076] feLhOJl'ttfei WE***'*!'-* 

fttt^SSP 1 £ 6 3 3 4 5 0+M X ( H$ 6 . 3 mm 
xfg 3 4 m m > S$ 5 0mm) 'OfaMTll- 5 

rnt L^s. mum* v—y-mmz£->xmmy~ 

^4Cft^Lfc. &P«ClHSIi$i'Ufc&APJ: 
9#*mS$S-&Al, -rLT. &A 

ztfxz^w&m&z-ttii &APG7* 



tt-^Mii 900-950 m Ah 11*?* & . 
[0077] JJBCS i» *T . Sft&OflldL jE ■ ftffi'J 
"K<7>Mf. SPS^-X^^, mft?i'I^i£A- 

C ) fcx*;k* J- ( EMC ) *#3f it 

1 : Btl'&Ltffl:, 1. 5 M^jftgfc 
LiPF 8 £}§ft?*tf£?§$t*-Mffl L/c, § £(efclll<7) 

s*3ESfcnut(i, 2 0'cnHmTT\ smu-b 

0. 1C Cl^Tlil C = 900mAtlg£LT90m 

a ) -c 3 « mmmt 5 1 « 1 1 £ . 

[0078] ^8i5J:^9fc^<t o Srflfli ( ftftifift 

W^t . U^-^A^m* 1 -6 2 *#MLft, 
[0079] 
1*8] 
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as « catt***?,^ 


jESs (uCdOj; . 
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SS x (fc*^£3i*BX) 


iESj (LiMnojNiajOjl 


1;T!!5 


©S ic (JS«XiK3i8X) 


ESk(UMn a ,Co„Ni (M 0 ? ) 






xESiaXo^r^Q,] 


S:1S7 


as « (isft^jsasix) 


JESmCUAIft^jBO,). 






jESn (UC^.^^^O,) 






iESo CUMnjC UNiO^mTO) 






IESp (bMnj0 4 :UCo 0 ., 5 Ni 0 . (s O ! =M!:70) 


»n 


as * (««35«*ex) 


IESq (UM^O, UAt, , 5 Ni M5 O ! »30:70) 






3ESr (UMn,0 4 JCo. s.AioKNittKOr-SaTO) 






lESs (UMn,0 4 UCdO,=M:?0) 




as x (««3j«a«)o 


jESt <LiMi.2O t ;UMO i: UCoOj=30:30:40) 




aS e (»«^aafsx : «afafctSffi3tY=80 2Di 


iESe OiCoOj) 




fit* o (»^*!iafSX:|ftaf n Mt;ll^Y=80:20} 


iESh (UWJOj) 


«617 


as c <a^ffi»Jsx:a*Jaitft«:*Y-eo-20} 


jESi (UMn t 0 4 ) 


mo 


as » («e*^jisa»x:jt*fflibttK*Y=M5) 


iESj (UMry^Ni.jO,) 






iESj (UMnoiNi^Oj) 




as c {«^3L«*fa"x:asRfi»tttatstY=aih20) 


ESj tUMn M Ni,y0 2 ) 




aS d (a«^ffiSeX:»^fSittSM^Y=7Ch30) 


iESj CUMrn, 4 Ni, ( 0,) 


*;ftzz 


aS e «8#^Si£*lt*fcMtttSE*Y=6WM 


IESj <LMrW*«i B 0,] 




as f t«ttt35«safsx:tsjfl3e8*isz=«)i!D) 


JE«i(UM<Vi4Nia,0,J 


««24 




lESk (UMnj^CoMO,) 


18*25 


as b <«*3e*«iBx«aieibtsK*Y=90:ioj 


iESk CUMn^MojC^O,) 


®*26 

S;-ft27 


as c <«*X«]i*6xHK3l*81t14l({*Y=aoao) 


iESk (UMn^aNiojCoo^O,) 


aS d(«*^«*tSX:ttj»ISft14K*Y=7030) 


jESkCUMno^jC^Oj) 


*«28 


aS e («^«AI8X:Mnft1iJKiRY-flR3S) 


iESk (UlftnajN^Co,,^ 




as f i«*^jsieiax : ft«3e«**fsz=s&2s>i 


iESk (UM^NiejCoo^) 



[0080] 
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ESUESS«sK>©»St 






ESlOKJWWV 


«s&31 




ESmCUAI^N^A) 






ESr, (IHWWWW 


•8*33 




ESo (LiM/iiO, : UNtOj=3Qt70) 


a, =£34 


as b (&^»/*sx:a»fcftKai*Y=9ftii}} 


ESe (LiM.riiO,.UH-FO i =30:70: 




as c (a«t3E*S»fe)C:*»K«t1S 91JBY=:eft20) 


E«o (UMn:,O ( liNej=3O-.70) 


**3B 


aS d(#^&J»©X:ieS!lSHfcttiE*Y=7MQ) 


E»o {UMr, I 0,ilNiQ J =30:7D) 


a?ffi37 


S« * <att2^»»;tM»iei*E*Y3e5:35) 


ESo {UM ns O,tiNiO I =30:7D) 


**36 




jESo<UMn,0,UNi0^30:70) 




fl« a"(fll«3t»*e)C;lt*i&t1£aiBY=95:5) 




wtm 




ESp (liMn 2 O,:UCo ftl( Ni (1 „O^30;70) 


«Jfi41 


ft« c <&#^*5*!8X«*©ffi1£fB *Yr8C:2D3 


E«p (UHn 8 0,:UCo D ., s Ni MS 0 I =3Q:7a> 




AS d (»*t3t»jR»X:B*»fttta!*Y=7O:303 


ESd (UMn 2 O t :UCo»«Ni a » { O s =3Q:70) 


**43 


fiS • Ct»«S«SaftX:«a»ft:ttiE*Y=65353 


ESo (UMrjO.tUOos.^D.BO^CtTO) 






ESp (UMn,0 4 UCo <>15 M MS 0 J =30-.70} 


a»45 


ft* a («tt3ER»»X;ttJH&fctt8t*Y=95:5> 


ESq (UMnjOiUAl, uWwsOfSMfK)) 




A« b ca#^£*ftX:H»$&fcttj8*Y=9CM[» 


ESq (UMntO^UAlo .jH^O^TO) 


**47 


aS C (««35iftJ»«iX:»)l»fc{*IS*Y=B070) 


ESq<UMn,0 4 :UAl Dls Ni 0 ,jO,=30:70) . 


8*48 


as d <«tts»*«*ii*ti}fceft*Y=7033) 


ESq (UMn I O l :UAV 1 , s N^ 1J!l O 1 =3p:70) 




a« e («tt3t«*ftX.»*8fc1*i!i*Y=»5:35) 


ESq (UMn^-LiA^, , 5 Hi^O,=30:70) 


«;CM 




ESq (UMn AUAfc.,.N^O,=30:70) 


««51 


RS a U»*SRSiBX:tt*»fc14**Y*95:5> 


ESr (U*),O»UC^ J0 At 1) ,Ni tllB O ! =3O:70) 


*jfe52 


ft« b (i*tt^«»«iX:i|»S8fcti«XY=9O:10) 
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